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Numerical modeling of alkali vapor lasers
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College of Optics and Photonics, CREOL, FPCE, and Townes Laser Institute, University of Central Florida,
Orlando, Florida 32816, USA
2
TRUMPF Inc., 5 Johnson Ave, Farmington, Connecticut 06032, USA
*hshu@creol.ucf.edu

Abstract: Detailed numerical analyses are presented of a continuous wave
(cw), single spatial mode alkali vapor laser pumped by a diffraction-limited
Ti: Sapphire laser. These analyses provide insight into the operation of
alkali vapor lasers to aid in the development of high power, diode laser
pumped alkali vapor lasers. It is demonstrated that in the laser considered
the laser spatial pattern is significantly changed after each pass through the
gain medium, and the laser spatial pattern in steady state operation is also
very different from that of the passive cavity mode. According to the
calculation, lasing significantly improves the pump absorption efficiency
and changes the absorbed pump distribution. The effect of varying the
transverse size of the pumped region is also analyzed and an optimum pump
beam waist radius is demonstrated. In addition, the shift of the pump beam
waist location is also studied. The computation method and its convergence
behavior are also described in detail.
©2011 Optical Society of America
OCIS codes: (140.1340) Atomic gas lasers; (140.3430) Laser theory; (140.3410) Laser
resonators; (000.4430) Numerical approximation and analysis.
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1. Introduction
Recently alkali vapor lasers have been reported [1]-[5]. Alkali vapor lasers are three level
lasers with the advantage of small quantum defect. In addition, they can be pumped by diode
lasers with linewidth narrowed using, for example, volume Bragg gratings [6], and narrowing
of the linewidth for the pump excitation is important for diode laser pumped alkali vapor
lasers. In [1] the physical processes involved in alkali vapor lasers were investigated in detail.
In this paper, the application of a numerical model initially developed for analyzing solid
state lasers [7], [8] is presented for analyzing a single spatial mode alkali vapor laser. The
analysis properly accounts for the physical processes in this type of three level laser that differ
from those in the quasi three level solid state lasers considered in [7], [8], [9], [10]. When
applied to the single spatial mode Cs laser pumped by a diffraction limited Ti:Sapphire laser
presented in [1], the model gives good agreement with the experimental results. It also shows
that in steady state cw operation the laser spatial pattern is significantly reshaped after each
pass through the Cs gain medium, and the laser spatial pattern in steady state operation is very
different from that of the TEM00 mode of the passive cavity. In addition, the calculation
shows that laser operation can significantly improve the pump absorption efficiency and
change the absorbed pump distribution. The effect of varying the transverse size of the
pumped region was also analyzed, and an optimum pump beam waist radius is demonstrated,
for which the laser efficiency is maximized for the specific laser set-up. The effect of pump
beam waist location shift was also studied. First, the computation method will be described in
the coming section.
2. Computation method
A computational model initially developed for analyzing solid state lasers [7], [8] was applied
for the analyses presented in this paper. This model includes ground state depletion in quasi
three level solid state lasers by further iteration between the calculation for the TEM 00
Gaussian pump laser and the calculation for the signal laser [8]. In the model, the counter
propagating two beams (also applicable to more than two beams) in an active laser cavity with
saturated gain medium is treated by a simple iteration of the beam propagation method (BPM)
calculation [7], [8]. Of course, if there is only one beam passing through the gain medium in a
single pass, the iteration of BPM calculation is not necessary. For a laser cavity with an
intracavity polarizer the laser beam can be assumed to be linearly polarized and the scalar
formulation of the beam propagation method described in [7] suffices.

Fig. 1. Schematic energy level diagram for alkali metal vapors.

Unlike the 1030 nm laser transition for Yb:YAG considered in [7] or the 946 nm laser
transition for Nd:YAG considered in [9] and [10], the alkali vapor lasers including Cs and Rb
lasers are three level systems. The energy levels in alkali vapors are shown in Fig. 1. Using
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the rate equations described in [1] and the notation described in [8], the rate equations for both
the pump and laser transitions in alkali vapor lasers are
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Note that Eqs. (1) apply to any specific spatial position in the gain medium and N1 , N 2 ,
N 3 , I , I p , T could vary with space coordinates x, y, and z. Here N1 , N 2 and N 3 are the
population densities in levels 1, 2 and 3 respectively,  32 is the fine structure mixing rate
due to the collision of the alkali atoms with ethane [1] or He [5] buffer gases,  2 is the
radiative lifetime for the upper laser level,  3 is the radiative lifetime for the upper pump
level,  L is the frequency of the laser,  p is the frequency of the pump. I is the total
intensity of the laser beam including the two counter propagating laser beams. It is assumed
that I  I   I   I   x, y, z   I   x, y, z  similar to the treatment in [7]. Here I  and I 
denote the intensities of the two counter propagating laser beams in the gain medium. I p is
the total intensity of the pump beam. If the pump beam passes through the gain medium for
two passes in opposite directions such as the case described in [8], I p is expressed as

I p  I p  I p  I p  x, y, z   I p  x, y, z  , where I p and I p denote the intensities of the two
counter propagating pump beams in the gain medium. If the pump beam passes through the
gain medium for one single pass, the pump intensity is simply I p without the counter
propagating beam. E is the energy gap between the upper pump level and upper laser level,
T is the absolute temperature of the alkali vapor,  is the collision broadened line-center
emission cross section assuming homogeneous broadening,  p is the average of the collision
broadened pump absorption cross section through the pump spectral profile.
Alkali vapor lasers are gas lasers. In gas lasers spatial hole burning could be reduced by
the thermal motions of the atoms [11]. In alkali vapor lasers however, due to high excited
state fractions during laser operation, the thermal motions of the atoms might not be able to
remove spatial hole burning completely. Therefore, multiple longitudinal modes might still
lase simultaneously as is similar to the case of solid state lasers discussed in [7]. In [7] more
discussions on spatial hole burning and multiple longitudinal modes can be found.
In steady state cw operation all the time derivatives in Eqs. (1) are zero and the following
solution can be obtained
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Here N 0 is the total alkali number density. The saturated laser gain coefficient can then be
written as

g  x, y, z      N2  N1      N2  x, y, z   N1  x, y, z 

(3)

where N1 and N 2 are expressed in (2).
Ground state depletion is an important issue for alkali vapor lasers. Ground state depletion
was discussed previously for solid state lasers [8], [12], [13], [14]. Some of the physical
processes that are relevant to laser operation in Rb vapor are also discussed in [15], which can
serve as a further confirmation of the rate equations shown in Eqs. (1). Similar to the
treatment in [8], the propagation of the pump beam is also calculated using the beam
propagation method. The beam propagation method is expected to be accurate for the pump
beam considered in this paper, a Ti: Sapphire laser operating in the TEM 00 spatial mode. The
saturated absorption coefficient for the pump is
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(4)

where N1 and N 3 are calculated according to Eqs. (2). As stated in [1] the relative
degeneracies of levels 1 and 3 are 2 and 4, respectively, and this is the reason for the factor of
1/ 2 in Eqs. (4) and (1). The presence of this factor of 1/ 2 also agrees with the discussion
presented in [15].
In [7] the iteration of the beam propagation calculation is conducted only for the laser
beam since ground state depletion is neglected for the Yb:YAG gain medium at 77 K. In [8]
the iteration of the beam propagation calculation for the pump laser is further iterated with the
iteration of the beam propagation calculation for the signal laser to include ground state
depletion.
In alkali vapor lasers ground state depletion is very important and has to be included.
Therefore, similar to the treatment in [8], the iteration of the beam propagation calculation for
the TEM00 Gaussian mode pump laser must be further iterated with the iteration of the beam
propagation calculation for the signal laser. During the iteration calculation the saturated laser
gain coefficient used is that in Eq. (3) and the saturated pump absorption coefficient used is
that in Eq. (4).
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As a general strategy, the iteration between the calculation for the pump laser and the
calculation for the signal laser can be done using the procedure shown below. The iteration
procedure could vary a little bit especially in the starting stage. The signal laser can start from
any arbitrarily chosen field amplitude for the iteration calculation, and the initial choice of the
field amplitude of the signal laser used for the calculation affects the number of iteration steps
needed to reach a specific accuracy. The iteration procedure is as follows:
(a) First, set the intensities for the two counter propagating signal laser beams I   x, y, z 
and I   x, y, z  to zero anywhere inside the gain medium, as the initial condition.
The pump laser is numerically propagated through the gain medium once (one single
pass or multiple passes depending on the pump set-up). For a TEM00 Gaussian pump
laser which is the case considered in this paper, the beam propagation method is
suitable. If the pump beam passes through the gain medium for two passes in
opposite directions, the iteration of the beam propagation calculation can be used.
For this calculation, the saturated pump absorption coefficient shown in Eq. (4)
needs to be used and it can be included in the paraxial wave equation in a
straightforward way. In Eq. (4) N1 and N 3 are expressed in Eqs. (2). After the
calculation is finished (or at some particular stages during the iteration calculation as
are similar to the description in [7]), the complex amplitude of the electric field for
the pump laser anywhere inside the gain medium is properly stored.
(b) The signal laser, starting from an arbitrary field amplitude, is numerically propagated
through the cavity for one round trip, using the iteration of the beam propagation
calculation [7]. For this calculation, the saturated laser gain coefficient shown in Eq.
(3) needs to be used and it is included in the paraxial wave equation in the way
described in [7] and [8]. In Eq. (3) N1 and N 2 are expressed in Eqs. (2). For this
calculation, the numerical value of the total pump laser intensity I p  x, y, z  is
calculated using the complex amplitude of the electric field for the pump laser stored
in the previous step. After the calculation is finished (or at some particular stages
during the iteration calculation as are similar to the description in [7]), the complex
amplitudes of the electric fields for the two counter propagating laser beams
anywhere inside the gain medium are properly stored.

(c) The pump laser is numerically propagated through the gain medium once again (one
single pass or multiple passes depending on the pump set-up). Again, for this
calculation, the saturated pump absorption coefficient shown in Eq. (4) needs to be
used, in which N1 and N 3 are expressed in Eqs. (2). The numerical value of the total
laser intensity I  x, y, z   I   x, y, z   I   x, y, z  is calculated using the complex
amplitudes of the electric fields for the two counter propagating laser beams stored in
the previous step. After the calculation is finished (or at some particular stages
during the iteration calculation as are similar to the description in [7]), the complex
amplitude of the electric field for the pump laser anywhere inside the gain medium is
properly stored.

(d) The signal laser is numerically propagated through the cavity for one more round trip,
using the iteration of the beam propagation calculation [7]. Again, the saturated laser
gain coefficient shown in Eq. (3) needs to be used, in which N1 and N 2 are
expressed in Eqs. (2). For this calculation, the numerical value of the total pump
laser intensity I p  x, y, z  is calculated using the complex amplitude of the electric
field for the pump laser stored in the previous step. After the calculation is finished
(or at some particular stages during the iteration calculation as are similar to the
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description in [7]), the complex amplitudes of the electric fields for the two counter
propagating laser beams anywhere inside the gain medium are properly stored.
Steps (c) and (d) need to be repeated sequentially (in the sequence as steps (c), (d), (c), (d),
…), until the solution converges to the desired accuracy.
It needs to be noted that although Eqs. (2), (3), and (4) are always used in the computation
to include the saturated laser gain and saturated pump absorption, they only represent the
correct solution when the computation eventually reaches convergence. The reason that Eqs.
(2), (3), and (4) are used, even when they are far away from the correct solution when the
computation is still far from converging to a specific accuracy, is because when convergence
is eventually reached, they then truly represent the correct steady state solution within the
specific accuracy of the numerical approximation. The same reasoning also applies to the
paraxial wave equation for the BPM calculation. The practical numerical calculations
presented in [7], [8], and this paper demonstrate that this method works very well for
continuous wave (cw) lasers. It also works well for long-pulse lasers.
Using this type of iteration calculation, no convergence difficulty was encountered when
analyzing active laser resonators with a single transverse mode (spatial mode) oscillating, and
converged solution can generally be obtained quickly for modeling active laser resonators
supporting only a single spatial mode, such as the active laser resonators considered in [7],
[8], and this paper. On the other hand, if the considered active laser resonator supports more
than one transverse modes lasing simultaneously, the convergence behavior of the
computation is very different compared to that with only one transverse mode lasing. The indepth analysis of these convergence behaviors has not been attempted yet, and the
convergence behavior of the computation also needs more detailed investigation, especially
for analyzing active laser resonators supporting more than one transverse mode. However,
this convergence feature itself is very useful to tell if a specific laser design will operate in
single transverse mode or multiple transverse modes.
This convergence feature might also be interesting when the computation method
described here is applied for analyzing the gain guided, index antiguided fiber lasers [16],
[17].
3. Numerical results and discussions
The numerical model described above was applied to analyze the Cs laser experiment
described in [1]. The end-pumped 894.6 nm Cs laser pumped by an 852.3 nm Ti:Sapphire
laser as sketched in Fig. 2 of Ref [1]. was analyzed in detail. In this laser the high reflector
mirror is flat, and the output coupler mirror has a concave radius of 20 cm. The optical length
of the laser cavity is 19.9 cm and the thicknesses of the Cs cell windows are neglected in the
calculations. Between the right window of the Cs cell and the high reflector the distance was
taken to be 2.5 cm. According to the description in [1] the length of the Cs gain medium was
2.5 cm along the laser axis. The refractive index of the Cs vapor was taken to be 1.0. The
distance between the left window of the Cs cell and the output coupler was 14.9 cm. The
material parameters used were those described in [1]. In [1], the Cs gain cell temperature was
held at 110 C, giving a Cs number density of N0  2.7 1013 / cm3 . In the present
computation it was assumed that the temperature is uniformly 110 C across the whole Cs
gain medium. Consequently, the total Cs number density is uniformly N0  2.7 1013 / cm3
across the whole Cs gain medium.  as shown in Eqs. (1), (2) and (3) is   4.84 1013 cm2
which is the collision broadened line-center emission cross section for the laser transition.  p
as used in Eqs. (1), (2) and (4) is  p  4.12 1013 cm2 , which is the average of the collision
broadened pump absorption cross section over the pump spectral profile. The fine structure
mixing rate used in the computation is  32  1.07 109 / s .  2  34.9 ns ,  3  30.5 ns , and
E  554 cm

1

as given in Ref [1].
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Similar to the calculation in [7] the total intensity of the laser in the gain medium in Eqs.
(1) and (2) is I  x, y, z   I   x, y, z   I   x, y, z  where I   x, y, z  and I   x, y, z  denote
the intensities of the two counter propagating laser beams in the gain medium. The iteration of
the beam propagation calculation [7] was conducted to treat the signal laser propagation back
and forth in the cavity containing the Cs gain cell. Since the Ti:Sapphire pump laser only
makes one single pass through the Cs gain cell, there is no counter propagating pump beam,
and the pump beam propagation was treated by simply applying the beam propagation method
for a one-way propagation without iteration of the beam propagation calculation.
The further iteration between the calculation for the pump laser beam and the calculation
for the signal laser beam was conducted in the way described in the previous section in this
paper.

Fig. 2. The calculated output laser power (open triangles) versus the input pump power before
entering the Cs cell, together with the experimental results (solid circles) presented in [ 1]. The
output coupler reflectivity used in the calculation and in the experiment is 0.5.

As stated in [1] the one-way cavity transmission, excluding output coupler loss, of about
0.82 was measured at 894.6 nm with the cell cooled to room temperature to avoid significant
Cs absorption. This cavity loss is understood to be due to the reflection on the four uncoated
window surfaces of the inner Cs cell (the window material is understood to have a refractive
index of about 1.47) and the loss on the polarizer. Accordingly, in the computation the loss of
laser power after each pass through the polarizer was properly set, and the transmission of
laser power on each of the four uncoated window surfaces of the inner Cs cell was also
properly set, so that the one-way cavity transmission at 894.6 nm, excluding output coupler
loss, was about 0.82 when there is no Cs vapor in the cell. The pump laser is understood to be
a TEM00 Gaussian beam focused to the center of the Cs cell along the laser axis when there is
no Cs vapor in the cell (the distance between the beam waist and the left cell window is the
same as the distance between the beam waist and the right cell window), and the beam waist
radius is 75 µm at 1/e2 of the axial intensity when there is no Cs vapor in the cell. The pump
power is measured just before it enters the Cs cell and is delivered into the cell with an
efficiency of 0.9 from that point.
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Fig. 3. (a) Output laser intensity as a function of the x coordinate for y = 0 just after passing the
output coupler; (b) output laser intensity in the transverse x-y plane; (c) intensity of the laser
before entering the Cs cell from the left window; (d) intensity of the laser before leaving the Cs
cell from the right window; (e) intensity of the laser before entering the Cs cell from the right
window; (f) intensity of the laser before leaving the Cs cell from the left window. The solid
lines represent the calculated laser intensity; the dashed lines in (c), (d), (e) and (f) represent
the intensity pattern of a TEM00 Gaussian beam right at its beam waist with the beam waist
radius of 262.5 µm at 1/e2 of the axial intensity, and are scaled for comparison with the
numerical calculation.

The numerical calculation confirmed that the considered laser operates in single spatial
mode although it is different from the passive cavity mode. Shown in Fig. 2 is the plot of the
calculated output laser power as a function of the input pump power before entering the Cs
cell using an output coupler reflectivity of 0.5, together with the experimental results
presented in [1]. The difference in the slope efficiency between the calculation and the
experiment is possibly caused by the estimate of cavity loss being not accurate and a small
amount of the laser power reflected back into the Cs gain medium by the uncoated cell
windows which might be amplified. This small amount of reflected laser power was not
properly included in the numerical calculation since we were not certain if this power
eventually entered the laser output or somehow escaped from the cavity. Other possible
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factors that may cause the difference between the calculation and the experiment include: (1)
some material parameters might not be accurate and (2) there might be experimental
uncertainties.
After the solution converges the laser intensity at different places inside and outside the
resonator can be obtained easily. Shown in Fig. 3 are the plots of the calculated laser intensity
at different places for the laser considered for input pump power equal to 0.759 W.
From Fig. 3 it can be seen that in steady state operation the spatial intensity pattern of the
laser beam changes significantly each time it passes through the gain cell. This is different
from the results presented in [1], where it is stated that at the location of the Cs cell the
developed laser radiation had a beam waist of 263 µm. In addition, in Table 3 in [1] it is
shown that the measured beam waist of the laser (1/e 2 intensity radius) is WL  262.5  m .
From Fig. 3 (c) it can be seen that in steady state operation the laser beam propagating
rightward at the left cell window is quite close to a Gaussian beam with beam waist of 262.5
µm. However, from Fig. 3 (d) it can be seen that the transverse size of the laser beam is
significantly reduced after it passes through the gain cell. Figures 3 (e) and (f) show that when
the laser beam is reflected by the high reflector and reaches the right cell window it is again
quite close to a Gaussian beam with beam waist of 262.5 µm, but its transverse size is reduced
again after it passes the gain cell traveling to the left. The reason for the decrease in the
transverse size of the laser beam each time it passes the Cs cell is because the pumped region
is relatively small (the pump beam waist radius at the cell center is 75 µm at 1/e 2 of the axial
intensity when there is no Cs vapor), and laser power is absorbed by Cs vapor where there is
little or no pump power.
When the solution converged, after passing through the Cs vapor the pump power is
reduced to about 0.00826 W right before passing the right cell window when the input pump
power before entering the Cs cell is 0.759 W. This corresponds to an effective pump
absorption efficiency of about 98.8%. To see how lasing changes the pump absorption, the
laser intensity was set to zero and the same pump laser with the power of 0.759 W before
entering the cell was numerically propagated through the cell. After passing the Cs vapor the
pump laser power was reduced to about 0.491 W before passing the right cell window. This
corresponds to an effective pump absorption efficiency of about 28%. It can be seen that in
the considered Cs laser the pump absorption efficiency is significantly higher in steady state
laser operation than that without lasing. The reason for this is because the emission of laser
photons by the alkali atoms through stimulated laser emission causes transition of the alkali
atoms from the upper laser level to the ground level (level 1), and this makes more atoms
available to absorb the pump photons. The absorbed pump distribution is also different in
steady state laser operation compared to the situation without laser.
As described previously in this paper, the transverse size of the pumped region is
relatively small, and laser power could be absorbed by the Cs vapor where there is not much
pump power. The absorption of laser power in the outer region of the laser beam could
decrease the total laser efficiency. In addition, in [3] an optimal ratio between the sizes of the
pump beam and the laser cavity mode was experimentally determined for the laser system
presented there. It is also stated in [3] that the ratio of the pump beam waist to the laser cavity
mode waist is important for three level lasers because it determines the re-absorption losses,
absorption at the laser wavelength. To investigate this phenomenon in more detail for the laser
considered here the transverse size of the pump beam (pumped region) was varied and the
calculation was carried out again. The input pump power before entering the Cs cell was fixed
at 0.759 W. All the other parameters are the same as those used in the calculation for Fig. 2.
The pump laser is still TEM00 Gaussian beam focused to the center of the Cs cell along laser
axis when there is no Cs vapor in the cell, and the distance between the beam waist and the
left cell window is the same as the distance between the beam waist and the right cell
window. In the calculation the input pump beam size was varied, and several different pump
beam waist radii were used. Shown in Fig. 4 is the plot of the calculated output laser power
versus the pump beam waist radius. Note that the pump beam waist radius in Fig. 4 is the one
when there is no Cs vapor in the cell. From Fig. 4 it can be seen that the highest laser
#152299 - $15.00 USD
(C) 2011 OSA

Received 3 Aug 2011; revised 2 Sep 2011; accepted 3 Sep 2011; published 26 Sep 2011
10 October 2011 / Vol. 19, No. 21 / OPTICS EXPRESS 19883

efficiency can be achieved when the pump beam waist radius is somewhere around 135 µm.
Therefore, for the experiment described in Ref [1]. the optimal pump beam waist radius
would be somewhere around 135 µm.

Fig. 4. The calculated output laser power versus the pump beam waist radius at 1/e2 of the axial
intensity.

Finally, for the pump beam waist radius fixed at 135 µm, the location of the beam waist
for the TEM00 Gaussian pump beam was shifted to both the left and right surfaces of the Cs
gain medium (see Fig. 2 of [1] for the sketch of the Cs gain cell), and the calculation was
carried out again. The pump beam waist radius and its waist location are again the ones when
there is no Cs vapor in the cell. The other parameters are the same as those used in the
calculation for Fig. 4. When the pump beam waist was located on the left surface of the Cs
gain medium, the calculated output laser power is 0.193 W. When the pump beam waist was
located on the right surface of the Cs gain medium, the calculated output laser power is 0.191
W. Compared to 0.192 W which is the calculated output laser power with the pump beam
waist located in the center of the Cs cell along laser axis (the one shown in Fig. 4), it can be
seen that the shift of the pump beam waist to either the left or right surfaces of the Cs gain
medium doesn’t change the output laser power significantly for pump beam waist radius fixed
at 135 µm.
Further in-depth investigation into the general problem of analyzing and optimizing alkali
vapor lasers (either laser resonators or amplifiers) remains very interesting. These would
include further analyses of the interaction of laser beam with resonator (and the optical
components inside the resonator), gain medium, and pump, as well as further analyses of the
reshaping (as already demonstrated in this paper) of both signal laser beam and pump beam
(or absorbed pump distribution) in this type of three level gain medium. Diode laser pump
sources [6], [11] would be good candidates for pump sources, which generally have a multiple
transverse mode output instead of a diffraction-limited TEM00 mode output. Particularly, in
Ref [6]. a spectrally narrowed diode laser system is described with spectral width of only 10
GHz, which is less than the collision broadened spectral width of absorption in the Cs vapor
described in Ref [1]. Therefore, pumping with the spectrally narrowed diode laser described
in [6] would have an improved spectral overlap between pump radiation and absorption in the
Cs vapor described in [1], compared to pumping with the Ti:Sapphire laser described in [1]
which has a spectral width of ~30 GHz. As outcomes of analyzing this type of three level
lasers, especially in more general configurations, a very useful tool can be established for
designing and implementing such systems, and extensive investigation can be done on diode
laser pumped alkali vapor lasers.
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4. Conclusion
Detailed numerical analyses were conducted for a published single spatial mode Cs laser
pumped by a diffraction-limited Ti: Sapphire laser. These analyses were made possible by the
successful application of a computation model initially developed for analyzing solid state
lasers. The details of how the computation is performed, and the convergence behavior of the
computation, are also described and discussed. In the laser studied the spatial pattern of the
laser beam is shown to be quite different from that of the passive cavity mode. According to
the calculation, pump absorption is more efficient and the absorbed pump distribution is
different in the presence of laser light compared to the situation without laser light. It is also
demonstrated that changing the transverse size of the pump beam could change the laser
efficiency for the considered laser system. Shifting the pump beam waist location was also
studied. Although the analyses were carried out for a specific Cs laser the conclusions should
be general for other alkali vapor lasers. This work provides a starting point for further
investigation in modeling and understanding alkali metal vapor lasers and similar systems,
especially in more general configurations.
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